A dose evaluation using multiple radiation detectors can be improved by the convex optimisation method. It enables flexible dose evaluation corresponding to the actual radiation energy spectrum. An application to the neutron ambient dose equivalent evaluation is investigated using a mixed-gas proportional counter. The convex derives the certain neutron ambient dose with certain width corresponding to the true neutron energy spectrum. The range of the evaluated dose is comparable to the error of conventional neutron dose measurement equipments. An application to the neutron individual dose equivalent measurement is also investigated. Convexes of particular dosemeter combinations evaluate the individual dose equivalent better than the dose evaluation of a single dosemeter. The combinations of dosemeters with high orthogonality of their response characteristics tend to provide a good suitability for dose evaluation.
INTRODUCTION
For dose evaluation with multiple radiation detectors, the linear combination method or unfolding method solving multi-unknown equations is generally applied. The convex optimisation method processes the relativity of outputs of multiple independent sensors to obtain the possible range of objective value given as the ratio of objective value and particular sensor output (1) . The most plausible value is an appropriate value in the appropriate range, such as average, median or optimised value.
There are particular merits of the convex optimisation. The objective value evaluation can be conducted under the real evaluation condition only with the measured outputs of multiple sensors, even though the conditions are implicit. It is not necessary to acquire additional information to fix the respective dose evaluation conditions. There is also no need to consider the unexpected fluctuation of the evaluation condition. Furthermore, the evaluated range of the objective value derived with the convex optimisation method always contains the true value. It needs more consideration to decide the most plausible objective value, although the range in which the true value exists and the range where the objective value never exists can be obtained easily.
Fundamental consideration and simulation studies about an application of convex optimisation method to neutron dose evaluation have been introduced previously (1) . An experimental consideration and simulative considerations about the capability of convex hull optimisation for neutron dose evaluation are discussed in this paper. A mixed gas proportional counter which was introduced previously (1) is assigned as specific example of a neutron dosemeter. Furthermore, particular combinations of personal neutron dosemeters are also evaluated regarding applicability of the convex optimisation method.
EXPERIMENT
A convex hull of the mixed gas proportional counter for fission neutron dosimetry was introduced in the previous paper (1) . It is reviewed particularly in terms of computational error reduction. The improved convex hull is shown in Figure 1 .
Experiments are conducted at five points at three experimental reactors. Descriptions of the experimental points are given below and measured energy spectra of neutron are shown in Figure 2 .
Case (a) is regarded as analogous to the original fission neutron. The other cases contain slow neutron components more than case (a). The dose conversion coefficients of these cases are lower than case (a).
The outputs of the mixed gas proportional counter on these experiment points are processed and plotted in the convex hull for neutron dose evaluation. Figure 3 shows the processed data plotted in the convex hull which is shown in Figure 1 .
All experimental results are allocated in the convex hull. The result of case (a) is plotted at the high conversion coefficient area which is far from the other cases. These results are reasonable. It is experimentally confirmed that the convex hull of the mixed gas proportional counter for neutron dose evaluation works properly.
DOSE EVALUATION CHARACTERISTIC
The mixed-gas proportional counter Neutron dose evaluation characteristic of the mixed gas proportional counter using convex optimisation method is considered using Figure 1 . The ratio of counts of thermalised neutron absorption detection output and scattering reaction output can set the value on the horizontal axis. With this value, the intercept of the convex hull parallel to the vertical axis can be provided. The vertical axis is the ratio between objective ambient neutron dose equivalent and count of thermalised neutron detection. It is the coefficient of the neutron ambient dose equivalent calculated from the particular detector output. Therefore, the spread of the intercept parallel to the vertical axis means the possible range of the dose conversion coefficient. It provides the range of the dose of respective measurement with the measured detector output.
From the convex hull shown in Figure 1 , the range of fission neutron dose evaluation of many cases can be evaluated. The maximum relative width is the ratio of the spread of evaluated dose to true dose value. The error level of the commonly used neutron rem counter is evaluated as the difference between the true value and the indicated value. In the case of the most reliable rem counter, the error level is a factor of 2 (2) . Both of the relative width of mixed gas proportional counter and the error level of the current rem counter are comparable as the gauge of reliability of neutron dose measurement. It can be evaluated that the applicability of the mixed gas proportional counter for neutron dose measurement is at the similar level of good rem counters. Furthermore, it shows a performance advantage in dosimetry. The range with convex hull always includes the true dose value. It is contrastive that the current rem counter needs additional information for understanding the relation between the indicated dose value and the true dose. 
Personal dosemeter
Neutron personal dosemeters evaluate the personal dose equivalent with two or more detectors using a linear combination method, in general. However, it is difficult to evaluate the dose accurately because some utility conditions limit the design flexibility, such as weight size or stability. Convex optimisation is applicable when the multiple detectors equipped on the neutron personal dosemeter are considered as independent, and it might improve the dosimetry capabilities.
There are considerable combinations of detectors. The various shapes of convex hull made from these combinations are based on the relativity of respective responses characteristics of combined detectors. Two of the convex hulls are discussed as below; the combination of CR39 track dosemeter with Al 2 O 3 :Na TLD element and 7 LiF TLD element and Al 2 O 3 :Na TLD element.
(a) CR39 with Al 2 O 3 :Na
In this section, the case of fission neutron dosimetry using CR39 track detector with Al 2 O 3 :Na TLD element is discussed. The relative responses of these detectors for neutrons (3, 4) and the convex hull of this combination are drawn in Figure 4 . The responses are normalised with a 2MeV neutron. The objective value of the convex hull is the personal neutron dose equivalent, H p,slab (10,08).
The relative vertical interception width of the convex hull is less than 1 and those of almost all cases are around 0.3. This result shows enough suitability for personal neutron dosimetry.
(b)
7 LiF with Al 2 O 3 :Na
Here is the consideration case of neutron dosimetry using 7 LiF TLD element with Al 2 O 3 :Na TLD element. The responses of these detectors for neutrons (3) and the convex hull of this combination are shown in Figure 5 .
This combination is the detectors with similar energy response characteristics. It is hard to indicate the variation of dose conversion coefficient with neutron energy by the relation of these detectors outputs because the responses of the detectors are similar. It makes the convex hull wider than case (a). The relative vertical width is around 1. The suitability for dosimetry of this combination with convex hull method is inferior to the case (a).
Among all the considered combinations, there is a positive tendency of the relation between the responses of the combined detectors and their convex hull shape. The orthogonality of the responses is higher, the convex hulls are narrower.
The orthogonality of the responses of detectors seems corresponding to the complementarity of the responses of the detectors. The dose evaluation with two detectors using convex optimisation method excels when the response characteristics of the detectors are complementary, in general. These relations can be expanded to the dose evaluation with more than two detectors. Exceptions are recognised that some of combinations with high orthogonality of characteristics is not suitable for dose evaluation. For example, the steep gradient of the narrow convex hull causes wide spread of the vertical intercept. The orthogonality of characteristics of detectors is a helpful but not adequate factor to evaluate the convex hull characteristics.
CONCLUSION
The practical applicability of the convex optimisation method for dose evaluation is experimentally confirmed. The orthogonality of the responses of configured detectors estimates the suitability of their combination for dosimetry. 
